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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reference voltage 
generating device which can speedily raise a reference 
voltage and sufficiently reduce a dark current flowing when 
a source voltage is'stable. 

SOLUTION: This device is provided with a 1st electrifying 
means which supplies electric power via a resistor RO when 
a switching element 02 is on and a 2nd electrifying means 
which supplies electric power through an NPN transistor 01 
controlled by a differential amplifier 40 as electrifying means 
for electrification from a power line Lc to a band-gap(BG) 
circuit 30. Then a comparator 50 turns on the switching 
element 02 until a source voltage (simple constant voltage 
Vc) reaches a voltage capable of controlling the NPN 
transistor 01 through the differential amplifier 40 and turns 
off the switching element 02 when the voltage reaches a 
voltage capable of controlling the NPN transistor 01. 
Consequently, the reference voltage can speedily be raised 
when the source voltage is low and the dark current which 
flows when the source voltage is stable can be suppressed. 
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A Precise On-Chip Voltage Generator for a Gigasca] 
DRAM with a Negative Word-Line Scheme 

SiiS!^ ^"^^Z' [^^' Masakaxu Aoki. Mmbtr. IEEE. Takeshi Sakata, Member. IEEE. 
Shin ichiro Kimura. Mmber. IEEE. Narumi Sakashita. Hidcto Hidafca. Tadashi Tachibaila, and 

Katsutaka Kjmuta, Umber, IEEE 



Abstract-^ X precise oa-cblp vaUage gciMr&ior for gigasaile 
DRAM'S with a negative word-lin e scheme is J^sciibed. li com- 
bines a charge^pump reguhtor aAd:ilrsenel«pass regtUator. and 
it aiso includes a positive and negative ofHset voitage generator 
that uses a bandgap ganerator with a differential ampliaer. The . 
proposed circuit was experlmcntallv evaluated with a test device 
fabricated using a 0J-|fm proeess.{The ^fmufation results sliow 
that the swles^pus regulator suppresses the noise on- a word-line 
low voUage (negttive) to Jieiow 3j?ipV fpr the word-line transient 
and Vbb bounch^J A do*voltage error of less than ^% without 
ijimming ls.conlhih%for the positive and negative offset vottege 
^generator through tho lest device. These results show thai the 
described- scheme can be used in future low-voitage eisascale 
DRAMAS. " g»8«w»w 

Indtx rcrmi— Bandgap generator^ charge-pump regulator* 
DRAiVf» negative w«Mrd» voitage regubton 

I iNTROOtycnON 

LOW-voltage DRAM*s have become more important cc- 
ccntiy because power, reduction is inlierendy necesaaiy 
for veiy-higf^spced memoiy opefRtions. The pactJculariy higli 
threshold voitage (Vtm) of the memory-cen transistor how- 
ever, has not been scaled tofreyent the subthreshold leakage, 
though the transistor si:^ has been scaled. Theiefore, word-line 
(WL) iroitage boosting has been maintained to ensuie 

the full-write operation and has become a major limiting 
factor for the bit-line voitoge swing and the signal voltage 
in the memory cell (Fig. i). Also, the substrate impgrity 
concentration for the high-V^M transistor has become close 
.i;^. .IO"/cm^, which, as shown In Fig. 2, enhances the etectrie 
at the junction and degrades the refresh characteristics 
i I J. The separation of the gate-oxide thickness for the 
transistors in the periphenil circuits and in the memory atiay 
improve the pcrfonnance in the peripheral ciraults but catises 
process complexity and insullicient transistor performance in 
die memory array. The negative wofd-line (NWL) architecture 
is a relaxation technique of tlie above-mentioned problems^ and 
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is regarded as more suitable for the scaled memory arrsy with 
low-voltage operation than Che boosted sensergrouttd (BSC) 
technique (2}. 

Fig. 3 shows the meniory<cII leakage current as a function 
of the word*l)nc off voltage Ks'n* whicji is one of the major 
issues when dcnigning an NWL scheme. The leakage current 
that flows from a bit line to a cell capacitor will destroy tl\c 
stored mformntion in the cell capacitor. Tlits current increases 
by a decade with a O.l-V increase in Vss- Tlicncforc, Vss 
must tie extremely well stabilized against load cvnent rushing, 
as well as against supply-v Itage. icinperature, and process 
variations. However, the voltage generator fc»r providing chc 
accurate and Sable, high and low WL tcvets necc^ar^' for a 
low-voitase mctnory amy has not been invcsttgaied >*et. 

00t8-9200mst0.00 1999 IEEE 
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Fif . 4. ConvemiOfMl ^i»|e<rpurnp circuii. 

This paper descritw a hybrid voltage regulator Co proviile 
siabie« high, an<i tow WL IsveU an<l also an accuraie ne^aUve 
and positive ofTsec voltage generator for a low-voltage memoiy 
array [6]. A stable hybrid voluge regulator is described in 
Section 11. and an accurate negative and positive offset voltage 
generator is described in Section III. The experimental rasults 
using a test circuit ar^ described in Section IV, 

It. CHARGE^Pt/MP Regulator 

A. Convcnthnai Char^m^Fump Reguiaior 

Fig. 4 shows conventional chatge«pump regulators that gen« 
erate the high voltage (Vcu) and the WL low voltage (Vpt^) in 
a DRAM chip with an NWL scheme. Tlicy generally consist 
of an oscillator, a level detector and a chaige«pump circuit 
There are two probldnns with this design: one is a ripple of 
about (L2 V peak-to-pcak that stems from the hysteresis oftiic 
level detector used for stabilization. Tito oilier is the voltage 
drop caused by the wiring resistance. Since the charge^pump 
regulators are placed in a local site (Fig. 5) due to tlictr targe 
layout area and the minority carrier injection into the substrate* 
the wtring resistance from the regulator lo the word*linc driver 
(WD) can be us high as 100 tl If a current of 3 niA passes 
through this resistance, the voluigc difference across (he resis- 
tance will be about 0.3 V. This causes V^cf i drop and V^h CO 
rise. The drop in Vcm decrcoi^es the bil-^Unc signal by 15-20% 
below a btt-line voltage Vp^ of 1,8 V, and \hc rise in V^^ 

increiscs over tOOO timc^ the memory<ctI leakage current. 
Furthermore, the ripple^ accelerates these effects. To prevent 
them, the absolute value of Vqu ^d Vss must be set higher 
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than the required minimum value by the previously mentioned 
variations in voltage. Hov'ever* this causes the reliability of 
scaled devices to degrade. Therefore, this circuit is not suitable 
for the low-voltage memoiy amy with an NWL scheme. 

B, Hybrid Regulator 

We have developed a hybrid regulator that consists of a 
charge-pump regulator and a series*pass regulator (Fig. 6). 
Both the word-line high voluge Vqu and low voltage l^c.v arc 
provided through the hybrid regulator. The rippte is suppress^fjL, 
by this series-pass regulator because it has a powtr«'Sup^^ 
rejection ratio (PSRR) of more than 30 dB (at 0 ' 
MHz) (3|. Also, the series-pass regulator can be placed ne^. 
the word*iine driver because of its small layout area. This 
sulTtciently reduces the word«ltne voltage drop caused by (he 
wiring resistance R^, even if the charge-pump regulators are 
pluced in a local chip site. Here, tlie outputs of the charge- 
pump regulators V^p and l^oo arc* respectively, connected 
with n^wcll and p-weU in the memory-ccH array. This reduces 
a smoDlhrng capacitor si^sc bccau.vc the parasitic capacitance of 
o«we1l and p-wcll is more than 1000 pF in gigascale DRAM's. 
Tlius, stabiltxing I'cii ^^^d I^CN ^ilh tliis hybrid regulator will 
enltance the data-reicntian time and the reliability of future 
scaled-down devices. 

Pig. 7 shows a simulaicd I'^-.v waveforw for word*linC 
switching and Vnw bouncing. Tltc Ks'.v noise is less than 1 
inV widt respect to die ISd-xtiV I/qo noise. Ateo. (he word^line 
switching noise of the oulpui is supprcs.scd lo as low as 30 mV 
because of the low output impedance of ihe propo.s*ed regulator. 
The average V^s rising of the proposed regulat r is about 3 
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m V ai t^c » 50 ns. On (ho other hand« that of the conveniional 
dnuge-pamp legulaior is 0.3 V, as mentioned p/eWou$ly, 
Therefore* the proposed method enables chc leakage cunenl of 
the memory^ell transistor to be reduced to I/IOOO compared 
with the conventional method. 

UL REFEKENCe-VOtTAGE GCNERAfOR 

Fig. 8 shows what is required of a leference votiage gen* 
erator for DRAM*s with a negative word*line scheme. The 
negative ^fejence voltage should be held constant with 
respect to V$s* and the positive reference vohnge t^nr should 
b kepi higher ihan t^oo (or Vol) by the threshold voltage of 
the memory-cell transistor T^m, which will be constant with 
respect to Vbo* Furthermore^ the refcrence-voltage generator 
nuif^^perate at a suHiciently low I oq. Since variattoas In 
t ^^nd l^nr increase leakage current and degrade reliability 
in a memory-cell tnuisistor, they must be highly accurate, (n 
prjccice^ Che allowable vanation is about dblOO niV« 

A, Offset Voifasc Gcncraior 

Fig. 9 shows the Teierencc-vohage gcaenuor. This cincuU 
juts two main featufcs. One is the low-voluigc-opcmlion 
bandgap generator using a difFcrcnlial amplilicr. TIte otbor 
is the offset voltage gcncnilor. which uses a current mirror 
circuit. The offset voltage gcncmtor ccusurcs highly accurate 
output voltages and l/V cdnvcrKion rcststont with a small 
layout area. This circuit opoRttex as follows. 

The V/I converter converts (l\c bandgap voltage t on to the 
reference current /, which is expressed as VqcJ^^- "Hic mirror 
current / in the resistor RN Hows from t'sa ^'uu- Tlierefons, 
the Vns is express^Ad as 
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In a similar way, the mirror current / in UP flows from I'pp 
to Koo« Therefore, the Kan. is expressed as 



HP 



Because the resistance ratio is almost completely Independent 
of temperature and process variations, K^p and Vns remain 
constant despite those variations. Since a resistance is not 
needed to create the voltage between Vud to 1%s in this 
configuration* precise olTset voltages over Vdd and below I $$ 
are created with a small layout area. Furthermore, since t'pi» 
increases whh respcci to Vqo* and Vqq is constant regarding 
the drain-source voltages of ihe current mirror transistors 
Ml and M2 are held almost constant to eliminate the error in 
the output voltages caused by the drain conductance. 

Bands&p Ccncmtor 

Table I shows a comparison of bandgap generators. If 
we compare the dilTcrential type (Tabic 1(a) (4], (5]) to the 
currenl^mirror type (Tabic 1(b) |4|), we can sec that the 
dinereittial type is .superior with respect to Vontniii and 
PSRR. The 1 ooi"i" of the current-mirror type is expressed 
as Vz\s + + iV. '1 <»f I'w saiuration voltage of 

the pMOS A', the gaic-Kourcc voltage of the nMOS \'t + A« 
and the I^q of the bipolar transistor. On the other hand, the 
t'op tiiin of the differential type ts expressed as i rcn + A' - i r 
and is the sum of the saturation voltage of tlie load pMOS. 
and the drain voltage of ihc input nMOS. I ko ~ ^ V* Tills is 
iMQUUse tlte gale vohage of the input nMOS is K^q and the 
saturation condition is tnore than the I eo 1 r of the drain 
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Fig, 10. Simulated de chartctmtics of band^ap fenentors. 

voltage. If Veb * 0*6 V, = 0.2 V, and Vt = 0.6 Y, then 
Vfes + 2tf + Vt - 1.5 V and Vfea 4 f - Vr 0.3 V. Here, 
the latter is smaller than (t\t bandgap voluge Vbg (=1«26 
V). Therefore, the Vbo min of die differential type is actually 
Vbc* The differendal type thus minimizes the 11>onun. 

The output voUage from the cunent-mirror type has a poor 
PSRR of 10 dB due to the drain conductance of the output 
pMOS and the ootput conductance of U\e therrnal-voltage- 
referenced (TVR) ourrent source [4], which is increased by 
the short channel effect in scaled devices. The PSJOl of the 
differential type, howev^, is more than 30 dB because the 
drain conductance of the output pMOS is suppressed by the 
feedback loop. The PSRR*s are expressed as 



PSRR(Diff. ^pe) ^ 
and 

PSRR(Curr. type) 



Ao =a gmn • ri • gmp • rp (3) 



ill 



C4) 



where ri (^^rpf/m) is the output resistance of the differential 
amplifien >lo » the total gain of the differential type; rp 
and rti, respectively, are the drain resistance of the pMOS 
transistor and the nMOS transistor, and gm, gmp, and gmn, 
respectively, are the transconductance of the bipolar transistor, 
the pMOS transistor, and the nMOS transistor. The firat term 
of the denominator in (4) originates in the output stage? and 
the second term originates in the TVR current source stage. If 
Hi = 1 Mn, /ij « 88 kO, rp = 8 MH, rrv « 20 Mfl, gm = 
40 /iS, gmn 5= 6 /iS. and gmp =: 2.4 /iS, then PSRR(Difr. 
type) = 58 and PSRR(Cuit. type) « 2.3. The PSRR of the 
difrerential lype is dierefore greater ihan that of the cuirenl- 
mirror lype. The derivation of these equations is shown in the 
Appendix. Thus, in scaled DRAM*s. the differential lype is 
superior to the current-mi rrar type. 

Fig, !0 shows the simulated dc characteristics of bandgap 
generators that use the deuces in tlie 0.16-/im process. It 
indicates diar the dlffcrcmial amplifier configuration provides a 
constant bandgap voltage down to a Vbo of 1.3 V. The output 
of the cunentrmirror type, however, is strongly dependent on 
l/oo and does not wprk until Koo equals 1.5 V. In low supply 
voliage, the differential cype thus minimizes the cnrof in the 
output voltage* 
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Fig, 1 1. Microphocognpli of test circuit. 
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Fig. Yt: Measmd dc cKmcMstics of weed-line feferenc&-vol^s< gei) 
ator. 



IV. EXPERIMEKfAL RESULTS 
Tb verify the circuit performance of the refercnce-volta 
generator, we designed a test device and fabricated it usin£ 
0.3-/im DRAM process. Fig. II shows a microphdtograph 
the teat circuit. The upper side is a resistor and the low 
side is a circuit area. The resistors are made from an n*iyi 
diffusion layer The citcuit area includes MOS transistors ai 
compensation capacitors for the bandgap generator and the \ 
converter. The layout area was 420 x 505.8 /«rn*. 

Fig, 12 shows ihc measured de chamcierislics 
bandgap generator. The bandgap voltage I^ic confini^ 
constant when the Vbo is over 1.3 V. The offset voltages Kp 
(up from Vbo) and VKn (<*own from V%%) are, as expecte 
also kept constant. The dc-voliagc deviation from the idc 
is less than -100 mV for V^nr and less than +50 mV f 
the Vrn from 1.3 to 3^ V of Uic Vbo with ut trimmin 
The current consumption is 7 /<A when Kqo = 3,5 V. T1 
temperature dependency of less than 500 ppin/*C is provide 
by the simulation. These charactcrblics are sufncicnt for 
low-voitage operation of scaled DRAM*s. The charactcri.stti 
of die hybrid regulator and the rcference-vohagc generator ai 
summarized in Table IL 

V. CONCLUSION 

A precise on-chip voliagc generator for a gigascalc DRAj 
with a negative word-line siructuie was described. Il features 
hybrid voltage generator thai provides a stabilized positive ar 
negative boosted voltage. For word-line switching, this reduc* 
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7|»A (@VDOs3.5V) 
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AVRP « 100 mV 
AVRN<50mV 


Temperature dependency 


< $00 ppcnTC (Simulation) 


Bouncing Noise 


< 5 mV (0^5 V VBB bounce) 
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Fiy. 13. DiffineaUal-omptiAcMype smalMgiul «(|uiva]eat circuit 



the wQrd*line low^voltage noi^e to 30 mV. It also feaiurcs 
an accurate positive and negative offset voltage generator. 
The dc'voltage error le less than 100 mV for the positive 
reference voltage and less than jO mV for negative reference 
votts^e over a wide range of the Vpo without (rimtntng. It 
also features a low-voluge bandgap voUage geiimtor. This 
circuit can operate at a Vbo of more than 1.3 V. These 
techniques ibererore open tlw way towaid producing low* 
. ''^*age gigatcale DRAM*5. 

APPENdiX 

Fig. 13 shows a simplified smaiUsignal equivalent cirpuil 
of a iKuidgap generator with a dllTercmial ampUncr. Here. Vm 
k a 4Mlse soufloe 4»S a Vod iine« v\ i« the output resistance 
of the difTerential amplifier. r| is the dmtn resistance of the 
output pMOS transistor, r/ru and ijtnti arc, respectively, the 
tratisconduetancc of the bipolar transistors and of tl)e nMOS 
transistor. TIte nodal equations of this circuit are given by 



0 



vi ' gin 
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(vi.V|Jgm^ 



(vi-vjgn^ 




I4w CttcKfu-iniirar-fype Hnall«3isiiat cquivifeni ctreulL 

Solving (A-lHA-3) for yields 



where 



_ gm ■ jR^ -1-1 



If weassufnis*that^m-/2L, ^n-ri <^mp-ra >^ l.ili > iZa 
and gmn • rt > pmp • t% • RifR\ > rt/Ri* thi$ equation, is 
approximately 



Xo = prnti * r| • gmp • 



(A-5) 



where ^0 is the total gain of the differential type. The PSRR 
is expressed as v^/v^^ so we should rewrite (A-5) as follows: 



PSRR(Diff. type) = ~ = Ao^^ 



(A-6) 



Fig. 14 shows a small-signal equivalent circuit of a bandgap 
generator with a current-mirror circuiu Here« the transistor 
dimensions arc IdenticaL rp and rn are. respectively, the drain 
reststandes of the pMOS transistor and of the nMOS transistor, 
and fftnp and ffrnn are. respectively, the tRinsconductarw:c of 
tlte pMOS transistor and of the nMOS transistor. The nodal 
equations of this circuit arc given by 



«t 



s=0 



tfinn • (vi - t^) + 



m 



1^ 



/i2 + i/i^"* 

^T* ^t + l/ir«* 
Solving (A-7HA-I0) f r w„ yields 

n 



sO 



(A-7) 

(A-8) 
(A-9) 

0. (A- 10) 
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_ 

-Jla; - ill -jmn + ily •/ir-i/mn + (/far- ^mn + ilir'i^ 

jmn4'flt-gm ^mn'(fli 'jm+l)-f iti-gm-(jmn + jmi^ ^ ^^^^^ 

* /la • ^ • grm • (/Ij • grn + 1 + rp • pm) 

- /t;^ * ^m* *§mn + Ri^sm' gmn ■ ^1 + ^) + i?i -S^* 

^ Rt-gm-gmn ^Ri gm + rp^fffn) 

(Rz -m* gmn + gmn - f 1 + — ) + gm) * Rx 
^ _ 1 ^/ ^ 

Rt ' • - {Ri + rp) 



where 



n = 



{/te • Ry • 4- (/iy ' gmn + 1) • /?x • 
* m + rp + (m + /ly • gmn • rt» + rp + /Ix + /ly ) 
•pmp - rp + /Ir} • /l« 
d s= (m + /ly • jmn • TO + ily) • Jtr • /l« ■ 

- {(-rn + /to • g^nn . m - /ly • ymn • to - Rg) 
-gmp - 1} * i-p* + (/Ic * Ry * i^T"" - R^ • Rz^gmn 
+ily • ilz • <;m7i + /Lc + /Iz) 
* gmp * rn • rp + (/ic • /ly • gmp -{-Ry Rz- gmp 
+/l'C + Rt) -rrp-k- Ibs^Rz 



and 

/li? a — 4- — ^» 
ym giuji 



If we assume that gjnn * iii, gmp • rp » 1 and /li » /Ij. this 
equation is approxin^ioly that shown in (A- 12) at the top of 

the page, where ihe relalionships Rx - a'ft.rj, - fjm and 

Ri » /la result In (A-l3)» also shown at the top of the page. 
Therefore, the PSRR of the currcni-mirror type is given by 



PSRR(Ciifr. type) « ^ 



Hi 



fpnn gmn - to 



(A-J4) 



wiicrc the nrst tenn ofthc denoniinaior originates in tlic output 
stage and ilie second term originates in the ihcrouil-vohagc- 
rofcrciiccd current souive stage. 
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